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(54) Interleave!- for lurbo encoder 

(57) The coding method to which the present inven- 
tion relates takes into account: 

- a predetermined integer M1, equal to or greater 
than 2, 

- a number K, greater than or equal to 1, of 
sequences a, </=l,...K) of binary data representing 
a physical quantity, each sequence a, having: 

. a polynomial representation a,(x) which is a 
multiple of a predetermined polynomial gjx), 
and 

• a number of binary data equal to the product of 
any integer number M and the integer NO. the 
smallest integer such that the polynomial 
^+1 is divisible by each of the polynomials 

9i( x )'< ■ 
and includes a first operation of producing a 

number K'M1 of so-called "permuted" 

sequences, which each keep a divisibility by a 

polynomial g, (x) 
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.rslp,r™r„g e ,^r n,i0n C ° nCe,nS ' ^ *** * —» * a *-*» **» a-" method and sys- 

ROU, A. GLAVIEUX and P THITIMAJSHIMA entitled Z^lll ' th6 art ' C ' e by MeSSrS - C " BER " 

~, ^ by IEEE r,i^^^^^~^^^^ 
[0005] However, the formation of permutation devices is far from beina perfectly m^t*^ in. ,«,•„■ 

S Fr 6 " 6 ' *!* IT ° f simu,ations as an evaluation tool can lead to a few problems 

[0013, The invention concerns principally the transmission of information represented by sequences of binary sym- 

u=(u 0 , Ul U^), 

referred to as "sequences of information", which will be coded in a triplet of binary sequences. 

v = (a, b, c), 

ss rnni^i T th6Se S , equences A /? and £ being, by itself, representative of the sequence u 
55 [0014] In the remainder of the description, in order to represent a seauence „ / 

indifferently along with the associated polynomial form: sequence u. the form u = (u 0 . Ul u k _ % ) . is used 

u(x) = u 0 x° + u 1 x 1 Uki x *-\ —■ 
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I00 1 5] Equrvalent notations w,.. be used for the sequences a. b and _c. Usrng this second representation, its is known, 
in order to determine the triplet v = (a. b. c) : 

to choose a(xj = u(x) . 

- to choose b(x) = u(x).h ^x) / g(x) . corresponding, according to the representation in a 

^STa^e U^C per— o, the binat, data o. .he seance _a, .o choose 
S^sfpo,ytL,. ,or eiampte „,«.„♦.•♦ ****** - - « »■ 11 

atively simple and inexpensive. 

[0020] To implement it. several questions are posed. 
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1/ How to choose the polynomials g(x). h,(x) et h 2 (x) ? nroduces the sequence a* ? Amongst the 

sequence a*, in order to form the sequence a*, are given below: 

A) inthet,rst examp.e.atter having arrangedthete^ 

for each row. from left to right, the sequence a ^ n ^^^f^^J sec ^ e6 of six terms and 

a = <a 0 . a „ a, a, a a 5 , into the sequence a* -(a a ^^^^ as being tne term a of 

B) in a second examp e, ^;^^ 0 ^ 2 ^^ 0 t? e rms inlhe sequence a, s and t being inte- 
the sequence a. with ; = s.i + t calcuiatea moauiu me u _ interlacer trans- 
gers. For example, if the number of terms of the sequence a .s s,x and f s -5 and t - 3 the t 

forms the sequence a = (a 0 ,a v a ? a 3 . a 4 . a,; mtathe sequence a = (a 3 , a 2 ,a v a 0 , a 5 , a 4 ) 

C) in the third example, the permutation chosen is random. 

Ill/ How to avoid the division defining b(x) not having a remainder? and 
IV/ How to avoid the division defining c(x) having a remainder. 

.CO*,, Respo^ .o »ese ,as, « ^J^^^r^ZT^l 
on tu-bocodes. *hich is that ol the "return to the ze,o stale. »' ^!^™'™'^ lch ^ a permu ,ation g ol the 

constituting u(x). . mo , 1Kln1nf thp iourna | -Electronics Letters" of 5 January 1 995. Messrs. 
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form £ T ^ C ° n " an ' 10 *** * S ' a,ed in "* ,his * '«* only if the pof'ynomia, g M is „, ,he 

1=0 to m ' ' 

[0029] None of the articles cited proposes an effective choice of interlacer 

25 1/ it takes into account: 

- a predetermined integer M1. equal to or greater than 2. 

a number K, greater than or equal to 1 of seaupnrpq a n-i «^«*k;^ 

tity, each seauence a. havinn sequences a, (,_ i K) of binary data representing a physical quan- 
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• a polynomial representation a,(x) which is a multiple of a predetermined polynomial q(x) and 

• a number of binary data equal to the product of any integer number M a n6t™l% N0 the smallest 
.nteger such that the polynomial is divisible by each of the polynomials , g i( T 

fJJ"^J^^™*« 9 mm5er K ' M1 01 ~— *™ sequences a,*. {M K , 

" w^etnl^ saidpermutationbeing, in a representation 

wnere me Dinary data of each sequence a, are written, row by row, in a table with NO columns and M row* th* 
resultant of any number of so-called elementary permutations wh.ch, each: ' 

• either has the property of transforming the cyclic code of length NO and with a generator oolvnomial n/y) 
into an equ.valent cyclic code with a generator polynomial g$ x) which can b ^ ^/xTa^actf by 
permutation on the A/0 columns of the table representing a, A y 

• or is any permutation of the symbols of a column of said table; and 

- having in consequence, a polynomial representation a,f(x) which is equal to a polynomial product c Mo (x) 

- at least one permuted sequence a if being different from the corresponding sequZeT " ^ 
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ro0331 "me inventors have discovered that atl these successions of permutations, and only these guarantee that, for 
^.yn^miraW whose division by g(x) leaves a nil remainder, the permuted pclynomia. a'(x) has the same prop- 

[0034] For a study of the conditions governing the choice of 9i , the reader can refer to page 234 <**^*!*£ 
- RJ MACW°LLIAMS and Mr N.J.A. SLOANE 'The theory of error-correcting codes" pubbshed by North-Holland ,n 1977 

S abote Thus the performance expressed in terms of error rate as a function of the signal/noise ratio can be 
improved without increasing the complexity of the turobcoder or that of the turbodecoder. ... that . 

,o [S According to a second aspect, the present invention relates to a decoding method charactensed ,n that. 

1/ it takes into account: 

a ^redetermined integer M1, equal to or greater than 2, 
- a number K. greater than or ejal to 1 . of sequences a, (,=1 K) of binary data represents a physical quan- 

tity, each sequence a, having . 

. a polynomial representation a s (x) which is a multiple of a predetermined polynomial g,(x) and has no mul- 

integer such that the polynomial is divisible by each of the polynomials 9i (x); 

2/ it includes a first operation of producing a number K*M1 of so-called J*™**- 

/=1 M1). each sequence a,/ having a polynomial representat.on equal to a ? (x) = a i (x ) modulo 
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- n is the product of the number M and the integer NO. 
e,y is a relatively prime number with n 

: &S£^* ££2£L pCynomia, o. .he sn,a,,es, cyc,ic code o, ,en g ,h NO containing ,he po,y- 

nomial g/x^J modulo (^+1), . 
at least one permuted sequence a- being different from the corresponding sequence a,. 

3/ it includes a second operation of producing M1 redundant sequences whose polynomial representation is equal 
to I %l ior]Z M1 , each polynomial Ifr) being a predetermined polynomial with a degree at least equal 
to the degree of the polynomial g jx) with the same indices / and j. 

ro0371 It should be noted here that it is then stated that e belongs to the cycle of 2, module > M. NO. 
00381 Bv v° tue of these provisions, on the one hand the majority of the columns .n the table can be moved by per- 
Son and on the Sand, in this restricted choice, the minimum distance of the turbocode is more eas,y analys- 

able and can therefore be optimised. 
r00391 This second aspect of the invention has the same advantages as the first aspect. 

Z Tne inventors observed that imp.ementing the method of the present invention "^f^^^ 
closed above has the advantage that any error estimation by the correspondmg decoder converges. The case where 
45 me e7ror estfmation does not converge is therefore excluded by the implementation of the present invention. 

r0O4lS recording to particular characteristics, during the first production operation, all the values of the exponents e Yj 

SS 2 t^S^t^ method to which the present invention relates maKes it possible to 

effect all the interlacings to / fixed in the same way. It is therefore simple to .mplement. 
so SSST Acco^ng to particular characteristics, during the f irst production operation, all the values of the exponents e, y 
are equal to a power of 2. 

f00441 By virtue of this provision, the polynomials 9ij are all identical 

oTs Adding to particular characteristics, the coding method to which the present inven - relates bnef * d,s 
closed above, includes an operation of transmitting on the one hand sequences a, and. on the other hand, a sub set 
55 of the data of the other sequences. 

[00461 By virtue of these provisions, the efficiency of the method is increased 

[o0471 According to a third aspect, the present invention relates to a coding device charactensed m that .t_.nc.udes a 
processing means adapted to: 
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1/ take into account: 



- a predetermined integer M1, equal to or greater than 2 

* " ;txtr ,o 1 • of sequences a '' (,=1 - ^ o< b,nary data represem,n9 a physicai 

• a polynomial representation a,(x) which is a multiple of a predetermined polynomial g l(x ) and 

• a number of binary data equal to the product of any integer number M and the integer NO the smallest 
.nteger such that the polynomial is divisible by each of the polynomials 9i (x)- 

2, production of a number K'M1 of so-called "permuted" sequences, a- (, =1 K ;j=t,...,M1), each sequence a,* 

- being obtained by a permutation of the corresponding sequence, said permutation being in a representation 
whe e the b-nary data of each sequence a, are written, row by row. in a table with NO columns IZ m ZI he 
resultant of any number of so-called elementary permutations which, each: 

- either has the property of transforming the cyclic code of length NO and with a generator polynomial c M 
,n,o an equ.va.ent cyclic code with a generator polynomial g lj( x) which can be -Squal C/7 S 
permutat.cn on the NO columns of the table representing a, V 
20 ' or IS ar, y Permutation of the symbols of a column of said table; and 

- having in consequence, a polynomial representation a^x) which is equal to a polynomial product c -Mo M 

- at least one permuted sequence a- being different from the corresponding sequence a„ W ' 

25 3/ producing Ml redundant sequences whose polynomial representation is equal to s f-(x) c -M for ,-1 M1 

ZSSSZXffl. b6inS 3 PO,yn0m,al With 3 d69ree at ,east equal to the de ^ ee * the J^^E 

so ^LnT^V^T ^ ^ ' nVenti0n rel3teS 10 3 COdi " 9 **» * th- it has a 

1/ take into account: 

a predetermined integer M1, equal to or greater than 2 
35 ' ^^:^^ h ^^ a ^ 'Oofbinarydatarepresentingaphysica.quan- 

' izz™:™z aM which is a mu,,ip,e of a predeterm,ned po,yn ° mia ' «*> - »* - ««■ 

« • a number of binary data equal to the product of any odd integer number M and the integer NO the smallest 

mteger such that the po.ynomial is divisible by each of the polynomials gfic); 

2/ produce a number K*/Wr of so-called "permuted" sequences a,\ (/=1,...A;/=1, M1) each seauence a-* hav 
,ng a polynomial representation equal to a, Yx>a,*(x e '') modulo (Wl). where ^ " 

n is the product of the number M and the integer NO, 
e,j is a relatively prime number with n 
Cjj is the quotient of a^fx) by g v (x), 

' ^^^^r^ po,ynomiai of the sma,,est cyc,ic code ° f ,ength n ° c ° maining thS ^ 

at least one permuted sequence a^ being different from the corresponding sequence a,; 
3/ produce Ml redundant sequences whose polynomial representation is equal to Z Ux) c(x) for /-1 /Wr earn 
^JI^^ST - P0 ' yn0mial ~ 3 ^ " » - ~ - ~ 

[0049] According to a fifth aspect, the present invention relates to a decoding method characterised in that: ._ 
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1/ it takes into account . 

tity, each sequence a,- having: 

. a polynomial representation afx) which is a multiple of a predetermined ^^^^ sma||est 
. a number of binary data equal to the product of any .nteger number M and the mteger NO. the smallest 
integer such that the polynomial is divisible by each of the polynom.als gjx). 

and M rows the resultant of any number of so-ca..ed elementary P ermutat,ons wh.ch, each. 

Won on the WO columns of the table representing a,. 
. or is any permutation of the symbols of a column of said table. 

[0050] According to a sixth aspect, the present invention relates to a decoding method characterised in that: 
1/ it takes into account . 

tity, each sequence a, having: 

. a polynomial representation a lM which is a multiple of a predetermined polynomial g M and which has 

a/W=a,*(x e ") modulo (x"+1), where: 

- n is the product of the number M and the integer NO, 
40 - eij is a relatively prime number with n 

: n/il. p*™*. - — <** * ,en * h N0 — ,hB po,y - 

nomial o/x 6 *; modulo t^+l). 

at | e ast one permuted sequence being different from the corresponding sequence a, 
" [0051] According to a seventh aspect, the present invention relates to a decoding device characterised in that it 
includes a processing means adapted: 
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1/ to take into account. 

: ^^"rreru^rr^ra;,™, ^^^^^ 

tity each sequence a, having: 

fnteger such that the polynomial is divisible by each of the polynom.als g,(x) . 
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2/ to perform an operation of paralle. turbodecoding of K sequences of symbols using the divisor polynomial g(x } 
3/ to perform, for each a„ Ml permutation operations, at least one of which is not identity each oerLatioT^inn 
« a representation where the binary data of each sequence a, are written, row by row in a^S^S^S 
and M rows, the resultant of any number of so-called elementary permutations which each * 

• either has the property of transforming the cydic code of length NO and with a qenerator nolvnomial nM int„ 

• or IS any permutation of the symbols of a column of said table. 

rp^LlT^rXS" 3SPeCt Pr6Sen1 inVen,IOn '° = **• *~ «- i- has 

1/to take into account: 

- a predetermined integer M 1 . equal to or greater than 2 

" ~ S "eg~ -)ofbinary d atare P resent, n ga P hysi C ,q ua n- 

" SXSKS WhiCh ^ 3 mU,1iP ' e ° f 3 Pred — d <*»™** 0JM and has no mul- 
• a number of binary data equal to the product of any odd integer number M and the inteaer NO thP cmpiioct 
•nteger such that the polynomia. is divisible by each of the po.ynomL.s g^) ' 

I to iTrZ Z° Pe lT n ° f Para,,el turbodecodin 9 of K sequences of symbols using the divisor P o. y nomia,s g (x) 
3/ to effect a permutat.on operation producing so-called "permuted" sequences a * {/- 1 K i- 1 Mn £L 
permuted sequence a,' having a po.ynomia. representation equal to ^(x^'fal^l i^D. whe'e 

n is the product of the number M and the integer NO, 
e fJ is a relatively prime number with n 
Cjj is the quotient of affx) by grfx) 

' 2^g$?^:^™ r po,ynomial of ,he smal,est cyc,ic code of ien9th no containina *• 

at least one permuted sequence af being different from the corresponding sequence a,, 
[0053] The invention also relates to: 

- an information storage means which is removable, partially or totally, and which can be read hv a r™ ^ n 
45 ' \ processin J s *™ te 'eP'esenling speech, which includes a device as briellv disclosed above 

' ^ElS^^T^ «" <*~- -sis. Mode, 

- " ^»?£T^^j:~ * '~ - —ion P ,„,ooo,. on a nel- 

- a network station, which has a device as briefly disclosed above 

' SSLEST^*** h "" n9 3 ' ranSmi,,er " anSmmin9 0 " 8 wn ' cn has a device as brie,* 

- " arr UenCeS °' Si9 " alS rePreSe "" n9 8 ' — °" e *-« -** ^s a device 
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advances as the coding method as brie.., d,sc,osed above, these particuta, characteristics ahd these advantages will 

^ Te a S eTn wil, be understood more clearly .cm a reading ot the description which tollows. made with regard 
to the accompanying drawings, in which: 

. Figure 1 depicts schematically an electronic device incorporating a coder according to a l,.st embodiment ol the 
- ^T^ sc* m *:cW an operating .low diagram o. a code, accordmg to the tirs. embodiment o, the 
„ - ^:T^:^X -scribing the steps o. dete— o, an .nterlace, used in the 

devrce i"" 5 '' 31 ^" F j^' . coaK according 1D me second embodiment ot the present invention; 

" . Z^^ZltXT^ device incorporating a c^er acceding to a seccd embodiment „, the 

. ^e^'cTschematically an operating „ow diagram ot a code, according to the second embodiment o. the 

present invention, as illustrated in Figure 7; and 
- Figure 9 depicts schematically a decoding device to which the present .nvent.cn relates. 

10056] in the following description, the first control sequence will always be obtained from non-interlaced information 

foTcasl wangle sequence of symbols is coded and to the case in which two sequences of symbols are 
simultaneously coded. 

I - FIRST EMBODIMENT 

so [00581 in me description which follows, the te,m "data" will be given both to symbols representing information and to 
rS^bSCe description o, a particular embodiment, the mathematica, bases o, Us implementation are 

£^e^b^ 

der , ^ ^- A „ M a x i + x m being a polynomial of predetermined degree m, the smallest 

SI, NO s^hat^dlvS^ p^nomia, % I. is *nown tha, th,s number exists. For exampte 

S^re*^^^ 

of a(x). 

[0065] By way of example, if 
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the sequence u is the sequence ( 1. 0, O, 1, 0, 0). and 

the sequence g is the sequence ( 1, 1, 0, 1). the division ,s wntten. 
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10 0 10 0 
110 1 
110 1 
110 1 
110 1 
0 0 0 0 
110 1 



U^OJL 
111101 



000000001 
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which is also ntt : (h 0 0 h g 0 0 0 0) = (1 i a 7 

that is to say also 1. 0. 0. 1. 0. 0. 0. 0. 1) = n 1 o Dxfl i 1 1 n 1 ai lr * i 

sequence (0 0 0 0 0 n n n 1 > t« ^ ' 1 add,n 9' term b V term, the remainder 

sequence ( u. u. o. u. u. 0. 0. 0. 1) to the sequence u first of all supplemented by m "CT.s. 

[0066] Thus, by substituting, for the sequence u = (1. 0. 0. 1. 0. 0), the sequence a - (1 0 0 1 n n n n * , , 



be found successively: 



[0069] In such a succession, there can, for example where NO = 7 and g(x) = 1 + x + x : 

■ a permutation of the binary data of the first column, 
a permutation of the binary data of the third column 

Tori nf m ° re d !! a " S ' read6r ^ 10 th6 WOrk b * Mrs F J " MACWlf L.AMS and m7n J A SLOANE 'The 
theory of error-correctmg codes" published by North-Holland in 1977 The 

if a-J'T'T™^^ a* W = a^thus 

^ °' 3 ' 1 ^ a " • the first b,nar y data item of a' is a 0 - the second a, the third J..., /being thetverse 
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TO 



I0074] For example, by repeat.ng g(x) = 1 + x + * • and tnereiore 
35 The cycle of 2 is then written. 

.■to'^SSSS " — '» » - - — 6 * be9 ' nS " 8 * a,V da ' a; ^ 

a, 6 . a 32 . a J3 . a ?S . a w - etc ... Hoc ™hPrt above and which can be represented by a ' (x) = afx*; where e is 

Syc^s 

This choice fixes the value of A/0 as being the smal.es integer ^ h ^^^n^ber. Then h l( x) and hfr) are cho- 
polynomia. flM is not drvisible by a square polynara ^ the maximum 0 ' t tne Agrees of these 

sen of any degree but preferentially at most Sr mtSeS^lexlly of the decoder. An odd integer M is 

three polynomials g(x). h t (x) and h 2 (x) *l« eXerm ™^™ ' lemen^in this cyc.e of 2 is then chosen in order to 
^W^rSSo 2 ^X^^^'o^ are performed on the turbocode 
associated with the interlacer thus defined. 3 NQ = 7 Let also h (x} = , + x + x 2 + * 3 . 

[0078] Let us take for example <?M = 1 + x + x . tnj s p ^ cyde q{ 2 

that the choice e = 25 is "promising" since the afx ^^^^^^ acod JSlequence (a, 5. c) of 
(a, ft c) of weight * 26. the a(x) polynomials of we,9 ^ n 3 .^°;f o S ^^ sequence ^ (a , b . c ) of weight > 26, the 
weight > 24. the afxj polynomial of weight 4 then ™"^^Jc^aTc) of weight i 30 etc. 
a(x) polynomials of weight 5 then '^^^^^^ fs thWvakie that carvbe obtained in accord- 
[0080] This seems to .nd.cate a minimum distance equal to h , x}ani h j x} as indicated above. ' 

ance with the method disclosed above for NO = anc ^'J^^^l^L r> 7 W= r + x + x 2 + x 4 . 
[0081] Another possible choice « tfjj- 1 + - ^ ^ , possible to calculate the cycle of 

2 modulo 405 as being (1. 2. 4. 8. 16. ... 304 203}. ""^^^ 151 , e = 362 and e = 233 are particu- 
[0082] Working by successive elimination, it is concluded that the choices e 

larly promising. . . . ... nnivnomjals a(x) divisible by g(x) and of weight equal 



25 



30 h 



35 



40 



45 



W(a(x)) 




2 


54 


3 


42 


4 


44 


5 


48 


6 


54 


7 


54 



PM ,n *. sa™ way and unda„h e sa.e con«ons. .o, e - 36*. when MmW . d a M * MM*,. «. — 

corresponding weight of W(v) is indicated in the table: 
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w 



W(a(x)) 


W(v)> 


2 


54 


3 


42 


4 


42 


5 


50 


6 


56 


7 


54 



25 



E n3 '° ^ r*"' ,he numbers ~n-cong,uenl al 1 , module NO. can be used In reticular 

—MOS. »^ connected ,„ an^lZ- iS 2^"*™'' °" ' " " 3 "* 

[00891 The processing card 101 has. connected together b, an address and data bus 102: 

a central processing unit 100; 
a random access memory RAM 104; 
a read-only memory ROM 105; 
the input/output port 103. 

«Cr.!2Sr- 3 — ~ ^ ™S a ?han„e,, and to 
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' ''XZZ^^^Z^ZgZ'*; ™'on,he*s10 2 .,hebin.r y da,aco„,. 
binary data, as described »* regard „ ^ SS.^^^^ " *" ^ ' ° 2 ' 



[0093] 



The read-on.y memory 105 is adapted to store, in registers which, for convenience, have the same names as 
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the data which they store: 



10 
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- the operating program of the central processing unit 1 00, in a register "program". 
the sequence-g. in a register "g". 

- the degree m of g(x). in a register "degree" 
the sequence h,. in a register "h,". 
the sequence h 2 . in a register "h 2 ". 
the value of NO. in a register "NO". 
the value of M, in a register "M". and 

- the table defining the interlaces in a register " interfacer" . 

f00941 The central processing unit 100 is adapted to implement the flow diagram described in Figure 2 
K >n Figure 2 which depicts the operation of a coder as illustrated in Figure 1 * can be seen ha . after an m - 
Son operation 300 during which the registers of the random access memory 104 are m.tialised (N _data = 0). 
du ing an Xe a' on 301 the central unit 100 waits to receive, and then receives a binary data , tern to be £nsnr^. 
nosSns it in the random access memory 104 in the register "primary_data" and increments the counter N > data 
J W ZZ a test 302. the centra, unit 100 determines whether or not the integer number stored ,n the registe 
^ date X'ZZ the product M.N0 from which the degree of g(x) is subtracted. M, NO and the degree m of g(x) 

Wh" r r^ ™ & the operation 301 is reiterated. When the result of the test 302 ,s 
5e d^nng In operation 303. the division of the po.ynomia. u(x) associated with the sequence of binary da a stored 
Z °trreZte?"orimary data' by the polynomial g(x) is effected, up to the last term (of the highest degree) ot u(x) 
using for Ihis purpose me regisL ■interrnediate^rernainder. the remainder of this divis,on ,s stored ,n memory ,n the 

EST " S dSt"operation 304. the binary data stored in the register "f ^remainder" are juxtaposed at the 
SJS the sSuencel in oTder to form the sequence * The binary data of the sequence a are stored >n memory ,n the 

IS' Nerf "during an operation 305. the division effected during the operation 303 is continued, with the additiona. 
data added durina the operation 304, and the sequence b is completed in the register a. b, C 

folooi ^ Then dur ng an operation 306, the binary data of the sequence a are successively read from the register a, 
Tc" I the order described by the table "interlacer" stored in the read-only memory 1 05. The data which result succes- 
flvelv ^m this reading are stored in memory in the register "permuted_data" of the read-only memory 1(R 
roTo 1 ^ NeS durinran operation 307, the division of the polynomial a* M associated with the sequence of permuted 
binary da^a ttof^d in the register ■■ P ermuted_data" by the polynomial g(x) is effected, using, for th.s purpose, the regis- 
,s TZttmedlaTremaJer". ^result of this division is stored in memory in the register "a, C . and corresponds 

V^Zl^Zl^Z The sequences b and _c are determined by effecting the product of the polynomial 
SLeS Sthe 2££.?.nd _c stored in the register "a_. b_ S of the random access memory 104. and respec- 

.0 I^^SS^ S by ^tue of the invention, memory elements are saved by effecting the division by g M 

Srs oHhe memory 104 are initialised again, in particu.ar the counter "N°_data ,s reset to 0 and the operat.cn 

W 'osVTwm be observed here that, as a variant, during the operation 309, the sequence a is sent as a whole, but only 
i sub-set! fo^xample one data rtem out of two. of each of the sequences b and fi is sent. This vanant .s known to per- 

T^r^Z^o^X^ be observed that, by Knowing the po.ynomia.s g M , and the inter- 

EJS. sequence a supply the permuted sequence g. a person skilled in the art ^ows. w,thout any -tech- 
nTca ^obiem how to ^oduce the decoder adapted to decoding and the correction of any error aHect.ng the tnplet of 
se^uSces^: fc fl by using the inter.acer considered above and. optionally, the correspond^ de-.nter.acer. 
[01 07] For this purpose, he can refer to: 

the article by Messrs LR. BAHL. J. COCKE. F. JELINEK and J. RAVIV entitled "Optimal decoding o"™ar codes 
Zr^rZizlg sy^bot error ra ^ published in the IEEE journal Transactions on lnforrnat,on Theory 
- teT^e^l J. HAGEN^UER, E. OFFER and L. PARKE entitled iterative decod.ng ofbmary o/oc* and 
convolutions! codes" published in IEEE journal Transactions on Information Theory, in March 1996 . 
th 'a^cle by MesSs: J HAGENAUER and P. HOEHER entitled "A Viterbi algorithm with soft deosnrreutputs and 
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^applications", published with the reports of the conference IEEE GLOBECOM. pages 16 80-1686. in November 

" [01 08] Figure 3 depicts the steps of an algorithm determining the value of e specifying the interlace to Th~o 
steps can be performed by a computer of a known type (not depicted), in wh.ch the reg s"ers NO' 
d max , e and "/ are situated, in the random access memory. ' ' in,erla cer , d , 

[0109] During an operation 501 n(x) = r + r r, „' . „ m >~ ■ 

the divisions of the po.ynomia.s V - 1 by g(x) are effected successive,^ commencing Ui a va.u of e^l toThe 

*o IO110] Then, choosing an odd number M, so that the product M NO is areater than or ~.,, a i ^ u , u- 

L a Tnf Zl! ' Wh ' Ch am ° un1S t0 determini n9 t"e length (that is to say the number of binary 

mil 1 i 'T'VH ,nCOrp ° rated in the sec > uence * a * being equal to M.N0 minus the degree " of^ " 

[0112] in the embodiment described and depicted, the determination of a* will consist of replacing a = ( a 0 a , ) 
Dya -(a 0 , a„ a ^ ...). where the multiples of /are calculated modulo M NO When fis eaualtna rvWr^ oV« ♦ 

X=o^^ 

35 Snnni T °- ^T* ^ PartiCU ' ar embodimen ^ <* the present invention, during the operation 503 the central unit 
100 determines the successive powers of 2 modulo M.N0. in order to obtain what iirBlB^^i^^^^ 

<o Sed^eS? ^ ~ ? ^ ' ^ *«< ^ h "» - "<W ™ 

EH2 is^ea"" 9 ^ ° Perati ° n 5 ° 5 ' V3lUe ° f " incremen ^ ^ 1 and the Hh value of the cycle of 2. modu.o 

T?i h 'H U t lin9a l T ra{i ° n 506 ' " <hiS Va ' Ue iS not ^ ua ' to 1 mod "'° M.W0, the weight of the sequence 
'a- a"' ^ V J™ 6 " ^ e # . S ?^ enCeS * ° f '° W With lhe Potion defined by a 7*, = S^tnusTf 

a-(a 0 a,.a 2 , ... a M WCM ; ■ the f.rst bmary data of a* is a 0 . the second a, the third ao, as disclosed atJ>Z thl 
index being calculated modulo M NO) 2h "" a,sclosed above, the 

mum Th= .l. y ' e ralue of e wh,ch corresponds to the hiahest weiaht 
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a 2 , as disclosed above, thi index being calculated" modulo M. NO. 
[0121] According to a variant, not shown, the triplet (a. fi c) is constructed as follows: 



iToT^eoi .ength "and gt etorpolynomia. g 2 ( x) . .t wH. be noted that such a permutation exists 
w binary cyclic code ot lengtn ^ anow y h ' Q Jhj verif jcation is we » known to persons 

^&^&yZZ2£X£. - « b- by - MACWILUAMS and M, 

SK^IS^S^ r » » d « » ^ e — "* each °' he ' and prod " M fl " 

„ ,0.22, The scope ot the inven„on is not limned to ,he ernbodirnents described and depicted but quite the contrary 
™any nations and = 

II - SECOND EMBODIMENT 



35 



40 



" JS" SET in many circumstance., to- example in the context o. »ire,ess transrrtsstons. a better throughput is 

ST^he second embodiment is concerned particularly with throughputs greater man or dose to one halt. wHhoul 
so the use of puncturing methods. 

Ila - High-throughput turbocodes with interlacers of the "x to x*" type. 
[0131] The following systematic convolution^ coder K x (K+2) will be considered: 

55 
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1 0 

0 1 

G= ... 
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0 h/g f/g 
0 h/g f/ g 



15 



20 



25 



0 0 - 1 Vg Ug 

in which h Jt and g po, y no mia( s with binary coefficients of indeterminate x representing the delay operator 
[0132] In a conven ,onal fashion, the transmitted information is represented by a K-tuple a - (a 1 7« nT ■ 
a > = ^j=o to n-t a l? x', with binary coefficients a, and the information is coded ,n L J- J'k a «> of P 0 '*" 0 " 1 '^ 
sequences of indeterminate x: 1 '™ormat.on .s coded .n v = aG, which .s a (K+2)-tuple of 

- = [a ' a x- & /-i to x W/g. (Z /=1 to K a/p/g] 

mi34l tn «„w ♦ • « L dtvision by g makes a sequence infinite and ultimately periodic 

coefficients TheVansfor^ Ti bZJ™, i rtoXT^ ^ """I *' by f*™**>" °' ifs 

Pie the article by Messrs. C. BERTOU L d T GI^VEux ^TT" % ? ^ lo as "'"»"»<*9- (see tor exam- 

- these K sequences of identical symbols 

potynorS ff (c^e?406) predete ' mined PO^omiab /, and dividing this sum by a predetermined 

thelnllac^OI SS^'TCH ^h^chT ™ * ^ h R9Ure 1 * »""* 3 - 

different from , 9 Ch eaCh sec * uence a > can contains symbols of the sequence a, with j 

with each other at .eaito oHhe ^ 
no permutation outside said set. 

5S>. -~ ^ r c ? ers with a <™ 

to the first embodiment which concerns the value K - \ Inter,ac,n 9 s ° f ^ type 'x to x* described with regard 

fOMOl 1 t^T'' 0 " W '!' 7? ^ 9iV6n bG,OW °V he C3Se * * 2 (S6COnd embodiment) 
[0140] Let a polynomial g(x) = 1 + g , x + g x * + + g x m "' + x "> ' 

n!?I! LetWObethesmallestint egersuc^ that gW divides x wo + i 
55 [01 42] Finally, let n be equal to an odd multiple of NO ■ n = M NO 

[0143] The polynomial g(x) is then a divisor of the polynomial x» + 1 For example with oM 1 ^ , 4 

chosen amongst the values 15 45 75 po<r T . example, witn o/x/ = 1 + x + x . n can be 

— in , h e »or k by w. W. P^S, ^ ^ZT^^ 
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Cambridge. Massachussets, 1972. _ each Qf the K compo nents y, is rep- 

l 01 44] The information is repres ^f^^^^Sy orients. To each polynomial ujx). there is added 
resented by polynomia.^ 
a termination. £y =f t. m to n-i t u iJ/ * • ° lc 

iblebygW- , 3 \ then coded in order to produce two check sequences 

I0 145] The resulting K-tuple a - J* < * I £j£5a, ^ause the polynomia. o W divides the K polynomials 

[0 146] The first is given bys l=1 ^afig and t P * being gjven by: 

a,. The second is given by £, =1 to k a - Vv- ine mie ' a y 

a ( -W = a ; (x e ) modulo x"+1 
t p rp sA taken modulo n. This type of -* to x- permutation was presented in the first 

h /x) - /,M = 1 + x 2 + x 3 ; h 2 x) = ',M = 1 + X + X + * * are Mrhthe r e S idue modulo 147, of a power of 2. 

&2f this value o, , 147. there are 42 ^-^^ white gaussian noise channe, 

For each of these values of e. the « r «P^'^5^^ "AWGN" standing for "Additive White Gauss.an No.se ). 

(known to persons skilled in the art under the En 9 ,,s ^^ nd the noise ^ per hertz (also referred to as the no.se 
oo lordifferentvaluesoftheratiobetweentheenergyperbitE.andtheno po 

spectral density). N. . bit ("BER") as a function of the signal/noise ratio, 

rm <M1 The corresponding values of the curves of the error rates per i 14 e = 32 = 2 & a nd e = 71 = 2 9 . 

' £eSnt invented, a, alued^^^^^^ - w rnod- 

fudiciously. It should also be noted that ^^^J^ e but atoays with the iota, o. an f power of 2 e 

?/p£se5££ sss: « ;£ - :» s. — . - , -** p~™. - »-» - - *m~ - 

35 symbols. 

lib - Specification of the turbocoders with Kz2 

[0153] The following 3 x 5 turbocoder will for example be considered. 



AO 
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0 


0 


h/9 


Wg 




G = 


0 


1 


0 










0 


0 


1 




f/g 



45 



SO 



„ here „ Is ah Inedneldle po^la, - — - -* * - *— * ' ~~ ^ ™" " - * 

G codes a triplet of information u = (u , . u 2 . u 3 ) as. 

v = la,.a 2 . a 3 .(Sa i h / )/g.(ra;f j )/9] 

S ^"ntiS^dOuatarHaethatanyS-tupta v., .) - « «—d. cohtalhs a, taaat three nan-n,, 

S^rde, to demonstrate this, a; Is „rl„en e*pl.cl,., as a, OT (.edaced a..* ,» ♦ ... and tha ^se a, e 
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modulo n has been represented by "cf 

S ^ l Lien" TTl WhiCh ™ " means "™*«° „-. 

lar^WJ n « = [a W J "« [WJ nc, modu(o ^ 
'* - none of the polynomials h, -and/ .is nil modulo i k a , 

with . different from,, has a determinant whjch fe ^ ^ ^ 1 
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1 0 
0 1 

0 0 



0 



0 h 2 /g h 2 /g ... h 

"l.N1 



«/g 



h K./9 h K7 / g ... h 



K.N1 



Vg 
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and any information sequence u-lu ,, » <■ 

•" ( "' ~ K) ' Sfirstofal 'codedas_a = ( _a ? a „). and then as 

I01621 Lf _ V " lai ^^^^ Va^^j 

10 62] Let d t be the inverse of e, modulo n - de p „ 

luibjj it should be noted here that tho ^ , 

sidered. For example, the arSety D Dl V^Z redundan <* turbocodes N1 - K > 2 has a.reari k 



crwiri -rr» 
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a I a' ■-■ a N 
r= a, 5 o 2 s -. ct N 



. » rw»\ and r and s integers which are different modulo NO. 
where « , i - 1 . «. d.tterent non-ni, ^^^^^'^^ under the matrix r is non-sin- 

^^^^^^^^^ r - lr(1 ' 2>l 1 P hef0,IOW ' n9Way 



TO 



1 1 0 * 

[r(i.2)] r= a 



A isa ma,,* ^ . K . - a Cosen ^ P~ ^ ^ £££7- 

7 • i ,no^ anr i th e resulting matrix will be called F(x) . 
polynomial of x +1 and tne rebu.u y defined by: 

[01 67] Finally, the matrix G of dimension K x (K + 2) 



" ''TJZSZZSZZZ™ b. usedas a feeder. By .—a . is , h ,n poss«e ,0 Coosa ,ne 

sur ™ «. • — — * ■ — in ws case mi,h Ml = m " " a r is con " 

25 structed of type M1 x N1 : 



a/ a/ ••• 
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r = 



a' a 2 ■-■ a M 
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45 



^ g = p W > — «— <««-«- «-» 

simulations and the best can be selected. 

llc . oescri^on o. an imp—on o. ,he second aliment o, ,he presen, ,„»e„«o„. 

[01731 Tte ^^oH he ^^- rt oH h a^en^an li „n-^«>a C o* U aa^.e 9 a,a,oP, g . 

L blockdiagrarn. Th.ss.a.ion ^J^^^ of a processing card 70,. 
5Zr^££E2 S^S^SSS- » ao address and da„ *rs 70, 



55 



a central processing unit 700; 
a random access memory RAM 704; 
a read only memory ROM 705; and 
the input/output port 703. 
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w 



^^ y V^^!Z^X^Z^ ^ *° — * - - °< --computers M 
described here. „ should ho»eve?be «ed"h a , "° The "«»™<»> elements are therefore « 

" - = denser, an erterna, memory 

transmit these packets on such a channel P transm.ss.on protocol on a non -cable channel and to 
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an entire program to be stored). * [ " 3ry data) and a memor Y area of large capacity (enabling 

[0178] The random access memory 704 stores date „ a ri=M 

two sequences a, and a 2 , sequences, u 7 and ^, next supplemented in order to form 

" XZSSff- ***'• "~ - »~ ~*« «~. - -he number o, binary data „. m , „ ^ 

■ /j^- r ~~ - - - »• - - 

• a register -ImaUemainder in which tfiere are X^ fr, ' , responding sequence u , 

«! t 3 eS,0red,heCOmp ' OTenla '">™'>'da 1 a.in l heto;mof ta osequences. 

*S *S 8,6,6 ^ in ' he «*' 01 «* by the centra, 

K2. w T S;S,r 0rV 15 ^ K *»■ * "«-» «** * cogence, bear the same names as 

- the degree m of ctf*;, in a register "degree" 

- he sequence h = ^ = f 2 . in the register 

■ he sequence _f = = ti 2 . jn the reg,ster v~ ' 
the value of /VO. in a register "NO" 

■ the value of 7V7, in a register "A/7"' 

- the value of M1, in a register "/Mr " 

- the value of M, in a register "M" 

- the table defining the interlacer acting on the sen, ,^rc ■ 

- «he table detining rte „ aMr ^ ^ £ ™ £ J • register -ggg aM 

pi ^r^s*^^ 

[0182] In Figure 8. which depicts the functor^ 2 "TT"' ""» *» *W>m described in Figure 8 
initiation operation 800. during rt^^""^ * ^ « «" b.'seen that, atter an 
dunng anoperation 801. the cental unit 700 Sits unS irece^,^ ™ - V). 

I^ons . ,„ the random access _ ( 7M . ^^^^T^t^ 

[0184] Next, during a test 802, the central unit 7nn nlw . V ata com,n9 from tr »e information source 710 

oefno*"?" * ,o me prMuci "^sssssr ™ r» e,number 

bang values stored in the random access memory 705 9W ' SMaaea «■ » and the degree mSg/,) 



'rwirv. 



20 



EP 0 928 071 A1 



roiasi When the result of the test 802 is negative, the operation 801 is reiterated. When the result of the itestl 302 is 
S. dTng - operatl 803, the divisions of the polynomials 

Sd^dunng ine opStioa 804. and the sequences S, and te are completed ,n the ,eg,s,er and 

02 

[0188] Then, during an operation 806: 
,5 - the binary data of the sequence a, are respectively and successively read in the register ~a v fi, . of, in the order 
described by the table "interlacert " stored in the random access memory 705, and 
- t binafy data of the sequence a 2 are respectively and successively read in the register 'a, c 2 . .n the order 
described by the table "interlaced stored in the random access memory 705. 

*o [0189] The data which results successively from these readings are respectively stored in memory in the register 

[SSS Durfng an operalfon808 two so-called "check" or "redundant" sequences are determined. 

mTs^ue'nce ^determined by effecting the product of the P o.ynomia,s associated with the sequences ^ and 
' £s£2S lte£«L * and \. fe. c_ 2 in the random access memory 704 and respect,vely the pel- 
ynomials f(x) and h(x). 

35 [0192] It should be noted that, by virtue of the invention, memory elements are saved by effecting the division by g(x) 
before the multiplications by h(x) ot f(x). transmitted using for this purpose the transmit- 

n rr^rrrnT^ 

. SS? "TSSSSSi "as a vatian, d»in g ,b. operate SOS. tne sequences . a^^ .arenas a 
SUoS but only a subset, lor example one data item out ot tyo. ot each ot the sequences fe and c, ,s sent. Th,s vanant 
is known to persons skilled in the art as puncturing. intertacers 
rniT, Wiih reaard to decoding it should be noted that, knowing the polynomials g(x). h(x), f(x) and the '^erlacers 

^TiTonSng the quad.up.et of sequences < fl , . &. £j "Sing the Intertacers considered above and. possibly. 
lo^'T^lt i^seen tha, a decoding device adapted to decode the sequences sen, b, the decoding 
device illustrated in Figures 4 to 8. has, essentially: 

a decoder 901 corresponding to the coder 401 , which receives the estimations of transmitted ^ enc ^| l ° ' 
as te7as K extrinsacSormation sequences to ^ disclosed below, and suppl.ee K est,mat.on sequences a 

- nSr^lS!" identical to the interlace. 402 to 405 used in the coder, which receive respectively the 
seauences w, to and interlace then respectively as w , to w K . 

sequences v*i —k ... 4I „ ,„ r < ni; r^oiwinn thp eipnuences w , to wk as well as the sequence 

- a second decoder 903, corresponding to the coder 406 receiving the sequences w iu K 
*L and supplies on the one hand K a posteriori estimation sequences w, to w K and on the other hand an 
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K deinterlacers 904. the reverse of the interlacers 402 to 405. receiving the secuences *s> m w „ 

the sequences vT^ to wT K . ^e.vmg me sequences to w_ K and supplying 



in, as to, deccdrng. to, an ideS, «Tu 6 „Ty L e^nenTs ^ to Pre,ere ** <°< cod- 

the value of the exponents e , are all powers ^ e 2 eXp0nen,s e < are Als ° P'eferentrally. for coding as fo, decoding, 
io [0199] In addition, in initialisina the decodprQ qm ar»H am * ■ ., . 

each have an initial state and a S£ nN sSfe ' ^ ' S ^ ° f the that the coders 401 and 406 

[0200] Concerning decoding, the reader can refer: 

to the article by Messrs J. HAGENAUER E OFFER and I papkp^i^..,, , , 
to the article Messrs J. HAGENAUER, R ROBERTSON and L PAPKP <wu m -» 

atic convolution* codes with the MAP anc i^^^m^ZT^ L <turbo > dec ° din 9 of system - 
Gesellschaft (ITG) Fachberich,, ^e^t oaot^, and * *™ ^ ,nf ° r ™«°-<-hnische 

to the article by Messrs C. BERROU, S. EVANO and G BATTAH entitle »t ^ , 

the reports of the seminar "Turbo Coding" <h^^^]^^^ T 'T^' < ^' PUb " Shed Wi,h 
of Applied Electronics) in August 1996. Technology of Lund (Sweden) (Department 
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Claims 

3d 

1 . Coding method characterised in that. 
1/ it takes into account: 
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- a predetermined integer Ml. equal to or greater than 2 

a number K, greater than or equal to 1 of seauenrpc; a r, i ifi^u- 

quantity, each sequence a, having s ^ences a, 0=1, ...,K) of b.narydata representing a physical 

•* a numhr^L rePre !f ntati ° n a ' W WhiCh iS 3 multip,e 0< a P^eterm.ned polynomial , W and 

^'i^t^r^enc:;;' produoin9 • «■» - — ■- *~ .»•. * , 

acts by permutation on ,h. No columns ol the fabfe £JesZ£a '° 9iW and 

• or ,s any permutation of the symbols of a column of said table: and" 

Stt C0 " Seq0e ' TO! - 3 -x*"™*' '»—,a,ion „- M wh ich is equal to a polynomial produc, 
- at least one permuted sequence a,- being different from the corresponding seguence a,. 



crv-w-irv ,cd nrmmi « , 
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-* ,he Mmc ind,ccs ' and y 

Decoding method characterised in that: 
1/ it takes into account: 

. a predetermined integer M1 . equal to or greater than 2^ ^ represe nting a physical 

. a number K, greater than or equal to 1 , of sequences a, i< 

quantity, each sequence a, having: 

. . ^nomia, represent a, W which Is a multiple o, a predetermined po.yno.ia, «W and has no 



where 



. n is the product of the number M and the integer NO. 
e is a relatively prime number with n 

■ &5SS&tttEfi» .*-» - •» — eode - ,en9,h N0 con,aWn ° ,he 

S rs^l^s* ueTce V be™ <M from « corresponding seguence a, . 

Ssf iual f Si2*^. o. S polynomial 9 , jM w it h the same indices , and , 

Coding mefhod according ,o Cfaim 2. cha.acte.ised * — ^ *" 

« ^ponents e, having the same value of (he index , a,e rdentrcat. 

aline values of the exponents e, are equal to a power of 2. 

™. of Claims t to 4 characterised in that it includes an operation of transmmrng 

Coding device characterised in that it includes a processing means adapted to: 
1/take into account: 

. a predetermined integer M7. equal to or greater than 2 representing a physical 

. a number K, greater than or equal to 1. of sequences a, (,-1 K) ot D.na y 

quantity, each sequence a, having: 

. a polvnomia, represe«a,ion a« w»ch , f^^^S^^S^*^ 
. prepuce o, a nur*e, K* *W of so-clled "pern^ s M uer*es. sf. ,,. K , each secuence 
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™s. ,he ,esu,,an, „, any number „, e|emenBry pmuMm ^ ^ 

a* by pension on ,4 N0 colu ,T s X^ SSSf ' WNCh " e '° <"* <™ 
• o, ,s any permutation „, lne symb* o, a column o, S ! a'nd" 

" W CO "™' ° P ~ V« -** * eo.ua, ,o a po,y„om„ p(aJucl 

- a, ,eas, one pen™*, sequence v bei „ 9 ^n, from lhe CO[responding sequence g 

the same mdices / and y. y east equal t0 the de 9 r ee of the polynomial ^ with 

7. Coding device characterised in that it has a processing means adapted to: 
1/take into account: 

- a predetermined integer M1 , equal to or greater than 2 

- a number* greater than or equal to 1. of sequences a t,-i *o of k- „ 
quanfty, each sequence a, having: ' ( ^ ° f b ' nary data ^presenting a physical 

' ^^Z^^ M fS * - * P"ned Po.ynom,a, and has no 

ha£* a C po^^^ each sequence a lf 

■ n is the product of the number M and the integer NO 
e it is a relatively prime number with n 

■ ^ is the quotient of a v *(x) by grfx) 

' Z^ZPlfr^l^r P ~' °' - — -** code o, ,e„ glh N0 co„,a,„i„ g *e 
=« teas, one permuted sequence V beino ditterent trom tne corresponding sequence a 

ynom.al ^ with the same indices / and /. 9 66 at least equal to the de 9ree of the pol- 

' -ns is ^ „ use „ e> 

11. Decoding method characterised in that: 
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1/ it takes into account: 



a number*, greater than or equal to 1, of sequences a r/-l *wk- . 

quantity, each sequence a, having: ^ u <™es a, (/-I K) of binary data representing a .physical 
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. a polynomial representation a(x) which is a multip.e of a predefined P olynom.a. 
. a number of binary data equal to the product of any integer number M anc Mh^ integer NO. the smallest 
integer such that the polynomial is divisible by each of the po.ynom.als gfr). 

2, it includes an operation of parallel turbodecoding of K sequences of symbols using the divisor polynomials 
includes, for each a, M1 permutafon operations, a, 

permutation on the NO columns of the table representing a,. 
• or is any permutation of the symbols of a column of sa«d table. 

2. Decoding method characterised in that. 
1/ it takes into account: 

. a predetermined integer M1 . ^*"*%Z^' a . ^ ^ of binary data representing a physical 

- a number K, greater than or equal to 1. of sequences a, v- u i 

quantity, each sequence a, having: 

. a polynomial representation a lM which is a mu.tio.e of a predetermined polynomial g M and which 

. aTm^X" « any odd integer number M and the integer NO. the 

LaTest lmlgrsuch thatThe po.ynomia. is divisible by each of the po.ynom.a.s 9lM . 

2, it includes an operation of para.le. turbodecoding of K sequences of symbols using the divisor polynomials 

£nc*T^ 

to a/M=a/(x e ") modulo , where: 

- n is the product of the number M and the integer NO. 
e is a relatively prime number with n 

tX^^li 'SL, polynomial o, the sma.es, =»* code o, length NO conning the 

ste'S 

, j Decoding method acting to Cairn t 2. characterised In that, during the permutation operation. a« the values o, 
the exponents e, having the same value ot the ol the index , are identrcal. 

,4 Decoding method according to either one o. Cairns ,2 o, ,3 *arac,e,rsed in .hat. during the pe,muta«on opera- 
tion all the values ot the exponents e, are equal to a po*er ot 2. 

^^Tu^ 

a coding of the sequences a,. 

1 6. Permutation method in an interlacer characterised in that: 
1/ it takes into account: 

: l^T^LZ^S: 'SZ£L\ «, - d S ,a 

quantity, each sequence a, having: 
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• a polynomial representation a l(x) which is a multiple of a predetermined polynomial o M and 

« ro»s, the re«an, I, any nur T S^i^;^^^ * °* mnS "* 

acts by person on ,4 mCTsX^ SSZSSf ™ *> **• « 

• or ,s any permutation of the symbols ol a column ol said table, and" 

' * P ° , ""° mial presentation VM „hich „ ^ to . po , yn<mia| ^ 

■ a. least one permuted sequence a,- being d.f.erent from the corresponding sequence a,. 

date o. the sequence a. a permuted sequence T' JssSated T "™? °" aSCendi " 9 »™ < he ^ 

ing order are the binary data of the sequence i th» L H , f V "° m °' a "> Whose CO*"**"* of ascend- 
ynomia, 9M . in orde/to form a s ^e n c" o/bin ^ITaTa ha " ^ T*" "* "» ,h6 

product of any integer number M and meZtTm » LL n 9 . 3 <* bina,y da,a ^al to «*> 

the polynomial or*;. ° me integer NO. NO being the smallest integer such that /» - 7 is divisible by 

c*mns e a„?« 1 ST" " "** " ,te "W» * « in a table o, W 

'ne/W columns of the tie and. onZot^ 

same column and permuting «i, each o^ \ S I'd rTSSdSES? ,°d " °" *" " "* ** 
- no permutation outside the said set. s ' and 

18. Perrn Lrtationmethodsupplying.fromaseauenceAnfhino,wH^ 

polynomial a(x) dlvisibleby a d yisor wZmS „?,? ?"! '* "?* ,epresen " n 9 a P"**»l quantity, represented by 

the said polynomial a" « berngTnS^id i £ beoS, bffh^ '"T^ »* a P°'y"°"« a" W * 

data £. Be a "" 0ed ^ ,he P«ynomial or*;, in order to lorm a sequence of binary 

ZZSZXSSL » inrje™" ^ *• *» - - e «*»- - - -anged in a ta»e o, NO 

the w columns of the tile and. on the *e" haS SZLf* PemU ""' 0 "* "* *" at teast ^ 01 
■ ^-oSttS 

rs a mS„ a ,err,& d n a ^ 

20. Permutation method supplying from a c m , ienro 3 Kir ,^ . . 

a Polynesia, a W di^eVa Z^S J^S ^^^^-^2^=2^ 
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ZZ^ZiXZgL^ w he ,e ,*e b,na,y data o, »» se,ue„ce _a are arranged in a «a M e „, NO. 
columns and M rows, it includes. 

- a permutetion of the columns of the said table which transforms the polynomial a'fx) into the polynomial a" W 
divisible by the polynomial g 2 (x). 

21 . Permutation method according to any one of Claims 1 7 to 20. « inc,ude8 81 ^ ^ ^ 
tation operation (306) operating only on the binary data of one of the sa,d columns. 

22. Permutation method according to any one of Cairns 1 7 to 21 . characterised in that the said permutation operation 
(306) is effected as follows: 

a'(x) = a ( x ), modulo x -7, 
where e is an integer value equal to a power of 2. modulo M.NO and M is an odd number. 

according to any one of Claims 1 7 to 22. 

t /-i^;™,^ 17 *r. o'k r-harartprised in that it includes an operation (309) 
7^SZT,TZ^Z^7^™:Z a su b -se, o, ,e da,a . »e .He, 

sequences. 

25. Decoding device characterised in that it includes a processing means adapted: 
1/ to take into account: 

quantity, each sequence a, having: 

. a polynomial representation a/x) which Ib a multiple of a predetermined ^^^'^^^ 
. a number of binary data equal to the product of any integer number M and the .nteger NO. the smallest 
integer such that the polynomial x"° + 1 is divisible by each of the polynom.als 9i (x), 

2/ to perform an operation of parallel turbodecoding of K sequences of symbols using the divisor polynomials 

$2 perform for each a,, M1 permutation operations, at least one of which is not identity, each ^Wion 
be ng tnTrepresentatior; where the binary data of each sequence a,- are wrrtten. row by row. .n a table win NO 
columns and M rows, the resultant of any number of so-called elementary permutat.ons wh.ch, each. 

. either has the properly of transforming the cyclic code of lenglh NO and with a generator P^V™^ Of*) 
Tn^n SuivllenTcycIic code with a generator P o.ynomia. which can be equal to 9i (x). and acts by 
permutation on the NO columns of the table representing a,. 

. or is any permutation of the symbols of a column of said table. 

26. Decoding device characterised in that it has a processing means adapted: 
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1/ to take into account: 



(5 



a predetermined integer M1 , equal to or greater than 2 

- ^^ c ^r:iX: to1 - oi ~ s ai 0=1 *> of binary data ~ in « a 

" ^^n^^:^ iS 3 mU ' tip,e ° f 3 Pr — ned P°'— a. and has no 
• a number of binary data equal to the product of any odd integer number M and the integer NO the 
smallest integer such that the polynomial is divisible by each of the polynomSs^ 

2/ to perform an operation of parallel turbodecoding of K sequences of symbols using the divisor po.ynomials 

3/ to effect a permutation operation producing so-called "permuted" sequences a * K - /— i M n 

eac^permuted sequence y having a polynomia. representation equaTJo 

n is the product of the number M and the integer NO. 
e,j is a relatively prime number with n 
20 - c , { is the quotient of a,/ (x) by g ^ 

" ^:r^T>^$sT' polynomia ' ol ,he sm * 8 ' cyc,ic code - ,ano,h w *• 

at least one permuted sequence a,; being different from the corresponding sequence a, 

M 2a :~ie~ 

35 30. Interlacer characterised in that it includes a processing means adapted to: 
1/ take into account: 

- a predetermined integer Ml , equal to or greater than 2 

* sricraS to x of sequences ai (/=i * of binary data representin9 a ****** 

• a polynomial representation a,(x) which is a multiple of a predetermined polynomial g,(x) and 
- a number of binary data equal to the product of any integer number M and the integer W th e smallest 
•nteger such that the polynomial Ai is divisible by each of the polynomials g i( x); 

2/produceanumber K*M1 of so-called "permuted" sequences, a,*. (, =1 K;M M1), each sequence a tf 

' «™ 9 h 3 P ^ rmutation of * e corresponding sequence, said permutation being in a representa- 

hon where the binary data of each sequence a, are written, row by row in a table with NO coZ and M 
rows, the resultant of any number of so-called elementary permutations which, each 

' TJlTn t SS ^ ° f transformin 9 the c ^lic code of length A/0 and with a generator polynomial 

gjx) into an equivalent cyclic code wrth a generator polynomial gi /x) which can be equTto^ Tnd 
acts by permutation on the NO columns of the table representing a ' 
* or is any permutation of the symbols of a column of said table; and" 

- having, in consequence, a polynomial representation a,.(x) which is equal to a polynomia. deduct 



40 



45 



50 



isoocin <fp no;>eo7iAi i > 
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cMgM. 

- at least one permuted sequence a,/ being different from the correspond.ng sequence a,. 

H Interlacer (101) adapted to supply, from a sequence a of binary data representing a physical quantity, associated 
^TaZtZlTa(x) divisible by a divisor polynomial g(x) and whose coefficients of ascending order are the 
binary SSoTTe sequence a. a permuted sequence a" associated with a polynomial a'(x) whose coeff»erfe of 
arcendtnto^er areThe binary data of the sequence a', the said polynomial a' (x) being intended to be divided by 
fhe Stnom a. 9W in order to form a sequence of binary data c. and a having a number of binary data equal to the 
pr^ of Tny integer number M by the integer NO. NO being the smal.est integer such that /» - t .s doable by 

^SS'irf^t. in a representation in which the binary data of the sequence S are arranged in a tabfe of NO 
columns and M rows, it is adapted to use: 

- at .east one permutation (306) in a set of permutations including, on the one hand the *»° 
b nary cyclic code of length NO and with a generator polynomial g(x). permuting with each other at least two of 
the NO columns of the table and. on the other hand, the permutations operating solely on data of one and the 
same column and permuting with each other at least two of the said data items, and 
no permutation outside the said set. 

32 Interlacer (101) adapted to supply, from a sequence a of binary data representing a physical quantity, represented 
by a pofynomia. a W divisible by a divisor polynomial g(x). a permuted sequence a' represented by a polynomia 
a" W the said polynomial a'M being intended to be divided by the polynomial g(x) in order to form a sequence of 

cnTracte a r!s£ in that, in a representation in which the binary data of the sequence a are arranged in a table of NO 
columns and M rows, it is adapted to use: 

at least one permutation (306) in a set of permutations including, on the one hand, the automorphisms of the 
b nary cyclfc oLe of length NO and with a generator polynomial g(x). permuting with each other at least two of 
the NO columns of the table and. on the other hand, the permutations operating solely on data of one and the 
same column and permuting with each other at least two of the sa.d data items, and 
no permutation outside the said set. 

33 Interlacer (101) adapted to supply, from a sequence a of binary data representing a physical quantity, r ^ resen ^ 
by a ! polynomial a W divisible by a divisor polynomial g(x). a permuted sequence a* represented by a po.ynom.a. 

fhfiaid polynomial a'(x) being intended to be divided by the polynomial g(x) in order to form a sequence of binary 

and I'having a number of binary data equal to the product of any integer number M by the integer NO, NO being 
the smallest integer such that x N0 -1 is divisible by the polynomial g(x). 



34, 



interlacer (101) adapted to supply, from a sequence a of binary data representing a physical quantity associated 
^Tpo^TaM divisible^ a divisor po.ynomia. g(x) and whose coefficients of ^^T^el 
binary data of the sequence a, a permuted sequence a" associated w,th a polynomial a (x) whose . »eff"erts 
o ascending order are the binary data of the sequence a" the said polynomial a"(x) being intended ° be dmded 
by a dUr polynomial 92 (x) in order to form a sequence of binary data c, and a hav.ng a number of binary data 
equal to the product of any integer number M and the integer NO. NO being the smallest integer such that x~ - 1 

is divisible by the polynomial g(x), in a tahl? of NO 

characterised in that, in a representation in which the binary data of the sequence a are arranged m a table of NO 

columns and M rows, it is adapted to implement. 

at least one permutation (306) in a set of permutations including, on the one hand, the automorphisms of the 
binary cyclic code of length NO and with a generator polynomial g(x). permuting with each other at least too of 
Te NO columns of the table and. on the other hand, the permutations operating sote.y on data of one anc ^ the 
same column and permuting with each other at least two of the said data rtems. thus producmg a sequence 

- a peim a utetion of the columns of the said table which transforms the polynomial a* (x) into the polynomial a"M 
divisible by the polynomial g 2 (x) 
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10 



20 



35. interlace- according to any one of Claims 30 lo 34. characterised in that the interlacer is adaoted so that 

co~ n (306) inckjdes at ,eas ' ° ne permufa,ion ^ era,i<>n «* o:zz:i7£*oZ™ s ss 

SeT^n'^oZ: 0 ' 30 '° * Cha ' ane ' iSed h ,he — <«»> * '°Pe«- 

a'W = aCx e ;, modulo x M N0 - 1 , 
where e is an integer value equal to a power of 2, modulo M.NO and W is an odd number 

39 ' on e e V o, e 5 a imr 6 "o Si 10 o^Tf TT* 9 ° haraC,eriSed in tha < « ^udes a coding device according to 

one of dls 30 to 38 ""^ ^ aCC ° rd ' n9 ^ ^ °' ^ 25 to 29 ° r a " interl — to any 

40 " inTh J r r S 7S Si ° n d ^ iC6 3 1ransmitter ada P ted *> implement a packet transm.ssion protocol characterised 

of Qa ms 25T29 T^S f aCC ° rd,nQ * *"> ^ « C ' aimS * '° 1 ° " 3 deCOd ' n * device 
tl IT ? . , 06 ° r process,n 9 si 9 nals representing speech according to Claim 39 or an interlaced 

according to any one of claims 30 to 38. an intenac er 

41. Data transmission device according to Claim 40. characterised in that said protocol is the asynchronous trancfor 
mode protocol ATM (acronym of the English words "Asynchronous Transfer Mcde") ^hronous transfer 

42. Data transmission device according to Claim 40, characterised in that said protocol is a protocol of the ETHERNET 
35 43. Data transmission device having a transmitter transmitting over a non-cable channel characterised in that it 

S^TzZT:: r cordin9 to , any one of c,aims 6 to 10 ° r a 

Claims 25 to 29 or an interlacer according to any one of claims 30 to 38. 

44. Device for processing sequences of signals representing at most one thousand binary data characterised in that 
Claims 25 to 29 or an interlacer according to any one of claims 30 to 38. 

45. Network station, characterised in that it has a coding device according to any one of Claims 6 to 10 or a decodina 
device according to any one of Claims 25 to 29 or an interlacer according to any one ofXms 30 to 38 ° 
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